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Abstract: It is well known that almost all living or biological systems are naturally in the
oscillatory dynamic states and can be considered as biochemical reaction systems. These
oscillatory dynamic states can be caused by internal self-organized phenomena, but also by
external periodic variations of temperature, light, food, or seasonal changes. The hypothalamic-
pituitary-thyroid (HPT) axis is one such nonlinear system with feedback that is always in an
oscillatory dynamic state and L-tyrosine is its main representative.

The biological importance of L-tyrosine interactions with iodine species was the motivation
for modelling of the oscillatory dynamics in the Bray-Liebhafsky (BL) reaction perturbed by L-
tyrosine. Also, direct experimental investigation of metabolic processes in the human body is
extremely complex to be done, and therefore any alternative approach is of great importance.
Therefore, the BL reaction has the potential to be used as a model of the biological system due to
certain characteristics shared with the considered processes; it is characterized by its oscillatory
dynamics and based on the chemistry of hydrogen peroxide and iodine compounds commonly
present in the thyroid gland, where L-tyrosine is iodinated.

The impact of L-tyrosine on the dynamics of the Bray-Lienbhafsky oscillatory reaction was
investigated numerically using the proposed model. The study was focused on the examination
of the sensitivity of the BL reaction to L-tyrosine perturbation. The obtained results indicated
possible pathways of influence.

Keywords: Numerical simulation, Bray-Liebhafsky oscilattory reaction, L-tyrosine

1. Introduction
The Bray-Liebhafsky (BL) oscillatory reaction [1], the first homogeneous oscillatory

reaction presents hydrogen peroxide decomposition into the water and oxygen in the
presence of iodate and hydrogen ions:

2H,0, - 2H,0 + 0, (D)
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This apparently simple reaction comprises a complex homogeneous catalytic
oscillatory process involving periodic changes in concentrations of numerous iodine
intermediates such as Iz, I, HIO, I.O and HIO:.

2. Model

To explain L-tyrosine activity, numerical simulations were performed using the
proposed model of the BL oscillatory reaction that exists of eight reactions, present in
Table 1 [2].

Model of the Bray-Liebhafsky oscillatory reaction

103 +17 +2H* —> HIO+HIO, (R1)
HIO, + 1~ +HY —— 1,0+ H,0 (R2)
1,0 + H,0 —— 2HIO (R3)
HIO+1"+H" — I,+H,0 (R4)
HIO + H,0, —— [T4+H*4+0,+H,0 (R5)
1,0 + H,0, —— HIO + HIO, (R6)
HIO, + H,0, — 103 + H* + H,0 R?7)
105 + H* —— HIO, + 0, + H,0 (R8)

The dynamics of the considered system is described by five differential equations:

@=v71+v74+v5—v1—v2—v4
dt
d[IjiO] =V +2V3 4V F V=V =2V 3~V — Vs
—d[HIOZ] :V1 +V6 +V8 _V71 _Vz _V7
dr
d[1,0]
——— =V, +tV 27—V —V
ds 2 -3 3 6
dft, |
— =V, —V_
dt 4 4

3. Numerical simulation

Numerical simulations were performed in MATLAB, using the ODE15s solver
routine based on the Gear algorithm for the integration of stiff differential equations.
The response of the BL matrix to a low concentration of L-tyrosine single pulse
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perturbations was investigated. The system was perturbed with various concentrations
(1.27 x 107 M - 1.27 x 10° M) of L-tyrosine in the pre-oscillatory period at the same
instant of time (40 min).

4. Results and discussion

Previous experimental investigations show that the BL oscillatory reaction is the well-
selected matrix for examination of the chemical activity of L-tyrosine. The mechanism of
interaction between the L-tyrosine and BL reaction system constituents is therefore
studied here by the numerical simulation of the BL reaction.

As the BL matrix is a very rich reaction system with many intermediate species and
numerous reactions between them produce various parallel reaction pathways, and L-
tyrosine is a reactive species, the selection of the reactions that describe their interactions
was a difficult task. By the examinations of the main kinetic activities of L-tyrosine, we
proposed a reaction with the aim of explaining a mechanism of L-tyrosine interaction
with the BL matrix.

HIO + Tyr - P (RT)

This reaction was chosen as the most probable pathway for interaction between L-
tyrosine and BL reaction system. [3] Products of this reaction step are considered
irrelevant for the nonlinear dynamics of BL reaction. Reaction (RT) is consistent with
experimentally observed increase of iodide concentration after perturbation since HIO
concentration is directly related to iodide concentration through very fast iodine
hydrolysis. Therefore, a decrease in HIO concentration leads to an equilibrium shift
toward a further increase in iodide concentration, a reaction (R4) from the model
presented in Table 1.

Numerically simulated time evolution of the BL reaction was perturbed with various
amounts of L-tyrosine. The rate constant of reaction (RT) is estimated to be krr =5.00 x
10° min™'. Results obtained with the selected value of rate constant kr: show that a very
small amount of L-tyrosine produces an important response of the BL matrix. Sensitivity
to perturbation by small amounts of L-tyrosine depends on the selected rate constant
value.

Based on the results presented in Figure 1, it can be observed that the peak intensity
and the length of the oscillogram depend on the value of L-tyrosine concentration. More
precisely, with an increase in the concentration of L-tyrosine, both the peak intensity and
the length of the oscillogram also increase as well as the period between perturbation
and first oscillation. Therefore, it can be concluded that the system is sensitive to low
concentrations of perturbators which is in accordance with previous experimental
results.
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5. Conclusion

The impact of L-tyrosine on the dynamics of the Bray-Lienbhafsky oscillatory reaction
was investigated numerically using the proposed model. The system was perturbated
with various L-tyrosine concentrations. The obtained results show a very good potential
of the BL reaction in the analysis of the L-tyrosine and indicated possible pathways of
influence.
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